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57 ABSTRACT 

A System and method for facilitating decision-making com 
prising a computer program causing linkage of data repre 
Senting a plurality of argument Structure units into a hier 
archical argument Structure. Each argument Structure unit 
comprises data corresponding to a hypothesis and its corre 
sponding counter-hypothesis, data corresponding to grounds 
that provide a basis for inference of the hypothesis or its 
corresponding counter-hypothesis, data corresponding to a 
warrant linking the grounds to the hypothesis or its corre 
sponding counter-hypothesis, and data corresponding to 
backing that certifies the warrant. The hierarchical argument 
Structure comprises a top level argument Structure unit and 
a plurality of Subordinate level argument Structure units. 
Each of the plurality of Subordinate argument Structure units 
comprises at least a portion of the grounds of the argument 
Structure unit to which it is Subordinate. Program code 
located on each of a plurality of remote computers accepts 
input from one of a plurality of contributors. Each input 
comprises data corresponding to an argument Structure unit 
in the hierarchical argument Structure and Supports the 
hypothesis or its corresponding counter-hypothesis. A Sec 
ond programming code is adapted to combine the inputs into 
a single hierarchical argument Structure. A third computer 
program code is responsive to the Second computer program 
code and is adapted to represent a degree of Support for the 
hypothesis and its corresponding counter-hypothesis in the 
Single hierarchical argument Structure. 
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ARGUMENT STRUCTURE HERARCHY 
SYSTEMAND METHOD FOR 

FACILITATING ANALYSIS AND DECISION 
MAKING PROCESSES 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

This invention was made with government Support under 
Contract No. W-31-109-ENG-38 awarded by the U.S. 
Department of Energy. The U.S. Government has certain 
rights in the invention. 

BACKGROUND OF THE INVENTION 

The present invention relates to a program and method for 
facilitating decision-making, and more particularly, the 
present invention relates to a computer program, System, and 
method that accepts inputs that bear on a decision in a 
Structured format from a plurality of Sources and arranges 
the inputs in a hierarchical Structure that permits an evalu 
ation of the inputs as they relate to the decision. 

Decision-makers in businesses and government agencies 
are routinely called upon as part of their jobs to make 
decisions with the intention of achieving desired outcomes. 
One example is that of a regulatory decision-maker in a 
government agency charged with establishing policies and 
regulations with the intention of achieving a desired result. 
Often the assessment of the alternatives, and likely outcome 
of a proposed policy or regulation, depends upon relevant 
Scientific research and knowledge. If the intent is to develop 
policies that are Science-based, as opposed to personal or 
political, then use of Sound Scientific grounds in the 
decision-making process improves the probability that the 
desired outcome will result from a policy or regulation. 

Unfortunately, despite the intentions of the decision 
makers, the policy and regulation making proceSS is not 
always tightly linked to relevant Scientific evidence. One 
possible reason for this is that gaps exist between Scientists 
and policy makers, where it is often difficult or impossible 
for a policy maker to understand, and effectively use, all the 
relevant Scientific evidence that is available. 

In general, public testimony and anecdotal evidence Sug 
gest that many policy makerS/regulators would like to draw 
upon all pertinent Scientific evidence, but simply cannot. In 
Some cases, not enough research has been completed; and in 
cases where a large Volume of research does exist (often 
with varying degrees of uncertainty, and debate over 
interpretation), it is often organized in a way that is inscru 
table to the typical policy maker, who is not a Scientist. 
"Science assessment', the collection and assessment of 
Scientific information and evidence in Support of policy 
decision making, does not in itself Solve the inscrutability 
problem, because Science assessments do not necessarily 
document and organize the Scientific arguments in a way that 
nonscientists can understand. 

The problem, more precisely, is that it is often difficult for 
the policy makers to understand how content Specialty 
experts, Scientists and engineers, arrive at their judgments, 
and what to believe when two experts give contradictory 
answers. This gives rise to the inscrutability problem. In 
other words, there is a plethora of research, often reaching 
Somewhat different conclusions, and it is organized and 
presented in a way that is difficult for a policy maker to 
understand in relation to the policy issue that needs resolu 
tion. Also, the Science or technology assessment and review 
process often takes too long to accomplish because experts 
are inefficiently networked. The problem is further com 
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2 
pounded by lack of an efficient Structure for eliciting rela 
tively complete, precise and accurate claims, rebuttals, and 
counterclaims directly from the experts, in a way that is 
practical and efficient. After the assessment, the details of 
how a Science assessment question was answered and why 
are often lost, because of incomplete documentation as the 
details or elements of the arguments are not recorded and 
archived properly. 

Policy makers may go through large Science and technol 
ogy assessments that require multiple experts in order to 
fully cover the range of issues Surrounding the policy 
question. The problem begins with the need to assess an 
option. Experts are tapped to provide expert opinions and 
Supporting evidence, but the experts are often located in 
various locations around the country or world. The proceSS 
is time consuming, because the experts need to be contacted 
and provided with explanations of what portion of their 
expertise is needed in order to provide useful input to the 
Science or technology assessment. The expert's response is 
usually a Summary, without the details of how they came to 
that assessment. The grounds and backing for the Specific 
assessment that is given by the expert are usually not 
documented well if at all. If two experts give contradictory 
assessments, it is usually difficult for the policy maker to 
understand how their arguments compare, Such as the dif 
ferent grounds and backing each bring to bear on their 
claims. The policy maker attempts to choose between them, 
by deciding which argument, or hypothesis, has the greatest 
degree of Support. When information is missing, the policy 
maker may have to go back to the experts to get clarifica 
tions. This process of considering of the Science or 
technology, identifying missing information and going back 
to the experts, can take weeks or longer. As a result of this, 
the proceSS is prone to omission of important details. 

Decision and policy makers often find it difficult to 
understand and consider the respective expert's Science or 
technology assessments and how they relate to the given 
policy question because the assessment may omit many of 
the details, Such as the grounds and backing upon which 
conclusions were drawn and the confidence that the expert 
has in those conclusions. It is difficult for policy makers to 
understand and assess the arguments put forth by experts 
who have conflicting expert opinions. In addition, it is 
difficult for the policy makers to see hidden bias on the part 
of the expert for or against an option. Further, it is difficult 
to see how the arguments presented by the expert relate to 
the original Science or technology assessment question. 

Experts intuitively assess the degree of Support that the 
Scientific evidence brings to bear on their claims or 
hypotheses, but this assessment is usually not explicitly 
stated and recorded. Peer review is may be required but there 
is, very often, no means whereby the peer review group can 
Systematically review the assessment through use of all the 
grounds and backing that led to the assessment conclusions. 
The group usually just does not have the information Struc 
tured in Such a way that they can Systematically See the 
grounds and backing that has been brought forth by the 
expert making the claim, therefore making it difficult to 
assess the degree of Support that should be associated with 
the hypothesis or claim. 

After the decision or policy makers collect the respective 
pieces of the assessment and bring them together in context 
of the policy question, they often ask another group to 
provide a peer review. If an expert does not agree with a 
claim made in the assessment, he or She may provide a 
rebuttal, and in Some cases a counterclaim. Here again, there 
is lack of Structure and Systematic means of engaging in this 



6,098,062 
3 

process. It is time consuming, often taking many months 
before this step can be completed. 

Once the expert's review has been provided, the policy 
maker should be able to understand and properly consider 
the expert's claims and counterclaims. If the assessment is 
believed to be adequate, as judged by those conducting the 
assessment, then it needs to be documented for use by policy 
makers. If it is felt to be not adequate, the assessment 
proceSS needs to continue through another cycle. This can be 
a time consuming and costly proceSS and efforts to make it 
more efficient and timely would be desirable. 

There are at least Six common factors in large Science 
assessments which make it hard for policy decision makers 
to understand (inscrutability). First, there is too much infor 
mation (information overload) and insufficient structuring of 
the facts and evidence presented by the various experts. 
Second, often it is not clear how the data are brought to bear 
on what has been claimed because arguments are not explic 
itly stated and are difficult to understand in the context of the 
policy question: (e.g., there is inadequate linkage of the 
available and relevant Scientific data and information to 
what has been claimed, it is hard for policy decision makers 
to get information; and experts and policy decision makers 
are working together from different disciplines and often 
different geographical locations). Third, each discipline 
involved in the assessment has its own field dependent 
knowledge and field Specific Vocabularies. Fourth, there are 
different (analytical) frames of reference without clear Struc 
ture to how they relate. Fifth, different experts present 
contradictory claims. Sixth, there are issueS outside of 
Scientific inquiry influence the assessment, Such as Social 
norms, political goals, economics (profits) and different 
value Systems, which are a necessary and inseparable part of 
the assessment. 

These factors commonly effect Science assessments 
because, there is the need to bring the arguments put forth by 
experts or Scientists to bear on policy decisions, and these 
arguments are often contradictory and conflicting. These 
Science assessments are typically monumental tasks which 
are plagued with this gap between experts and policy 
decision makers, failed use of information and resulting 
poor policy decisions. The need for Structure to address the 
above list of contributing factors is common to the Science 
assessment, in general. 
An example of the type of policy decision-making proceSS 

that utilizes a large complex Science assessment Science 
assessment is the program being conducted by the U.S. 
Global Change initiative. Experts from Several countries and 
multiple Scientific disciplines are working with policy deci 
Sion makers in an effort to get international regulation of 
pollutants and practices that are adversely effecting the 
Worlds changing climate and ecosystems. Global change 
encompasses the full range of natural and human-induced 
changes in the Earth's environment and includes changes in 
the global environment (including alterations in climate, 
land productivity, Oceans or other water resources, atmo 
spheric chemistry, and ecological Systems) that may alter the 
capacity of the Earth to Sustain life. The goal of the global 
change Science assessment is to Support national and inter 
national policy decision making. This Science assessment 
has major consequences for Society; and if properly under 
stood and considered by national and international policy 
decision makers, the consequences can be positive. 

The Global Change Science assessment is only one of 
many. Another example is acid rain Science assessment. 
There are thousands of experts in the fields of human health, 

15 

25 

35 

40 

45 

50 

55 

60 

65 

4 
ecology, material, Visibility, Sociology, and economics 
involved in the Science Surrounding acid rain policy making. 

Still another example of this type of Science assessment is 
the assessment being conducted for pest management policy 
decision making. The pest management (e.g. pesticide) 
policy making activities performed by the U.S. Department 
of Agriculture and U.S. Environmental Protection Agency 
require Science assessment because the effectiveness of pest 
management is based on plant biology, entomology, 
chemistry, toxicology and Several other disciplines. Pest 
management has become dependent on pesticides, which is 
a major concern to U.S. federal and State policy decision 
makers, because most pesticides pose risks to human health 
and the environment. 
Government regulation of pesticides is primarily done by 

the U.S. Environmental Protection Agency (EPA), however 
other agencies of the U.S. government are involved includ 
ing the U.S. Department of Agriculture (USDA). In general, 
EPA is responsible for identifying pesticides that cause 
cancer in humans or animal as Specified by the Federal 
Insecticide Fungicide and Rhodenticide Act (FIFRA). Under 
the Delaney Clause of FIFRA, companies need to show that 
pesticides do not cause cancer in humans or animals. Under 
this law, if any dosage of a pesticide causes cancer, it must 
be regulated. 

Science assessment is conducted as part of the pest 
management policy decision making process to assess the 
risk, Such as the human dietary risk from residues that result 
from use of a pesticide on food. For example, a pressing 
concern is the discovery that pesticides get into infants 
diets. EPA is conducting Science assessment to find accept 
able levels (tolerances) of these toxicants that infants can be 
exposed to with a reasonable risk. It is not likely that 
regulations will result in the absolute elimination of pesti 
cides in diets, but a special coordinated effort is underway by 
EPA, USDA and the Department of Human Health and 
Safety (HHS) to safeguard the health of infants and children 
Since they are believed to be at greater risk than adults. 
These assessments are Supported by Scientific findings, 
experts, primarily from companies that profit from the Sales 
of pesticides, are required to provide Scientific findings and 
data to EPA (test results) as Supporting evidence that a 
pesticide they want to register for use does not cause cancer. 
USDA contributes to the policy decision making process 

under a working relationship with EPA These Science assess 
ments identify viable alternatives to the pesticides that EPA 
has or is considering regulating. Under this arrangement 
USDA and EPA cooperate (1) to find viable alternatives to 
pesticides under regulatory review, (2) to identify areas of 
priority need, and (3) to award research grants to worthy 
proposals in those areas of need. Science assessment is 
required for all three. 

Logistics present a problem in the policy-making process. 
Federal policy decision makers primarily reside primarily in 
Washington, D.C. and the experts primarily reside in Land 
Grant Universities in the states and territories. There are 
only a few USDA and EPA policy makers who have a 
limited amount of time and resources for Science assessment 
in the policy development process, but they are required to 
tap hundreds of experts from many different disciplines in 
the Land Grant Universities. 

The USDA and EPA policy decision makers may also find 
it difficult to understand and properly consider claims being 
put forth by the various experts. A pesticide regulation may 
take away a pesticide that is the current and perhaps only 
means of controlling a pest, and this can cause devastating 
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pest damage to the commodity and result in huge financial 
losses for the growers. The Scope of the required Science 
assessment can be enormous considering the number of 
commodities that must be considered, the number of pests 
that effect each commodity, and the number of pest man 
agement tactics (chemical and non-chemical) that are plau 
Sible for controlling each pest on each commodity. For even 
a single decision, these decision-makers consider expertise 
from experts in multiple disciplines concerning the viability 
of a Single alternative. These policy decision makers may 
also consider whether crop/pest areas are priorities for 
government funded research, a difficult task considering that 
there are hundreds of types of commodities grown in the 
U.S. and each commodity has multiple pest problems 
(insects, rodents, fungi, weeds and other types of pests). 

Another complexity of these Science assessments is that 
the hundreds of pest management tactics have varying 
degrees of effectiveness. Furthermore, pests adapt for Sur 
Vival through genetic resistance, usually causing an effective 
pest management tactic to eventually lose its effectiveness, 
and the timing and practices of pest management effect the 
rate at which genetic resistance develops in the pests. For 
example, a pesticide used alone for Several years may lose 
its effectiveness due to genetic resistance in the near-term, 
but used at reduced rates in combination with other chemical 
or non-chemical tactics the genetic resistance may not occur 
until many years later. 

Contradictory arguments provided by the experts signifi 
cantly increase the magnitude of the problem. For example, 
in the 1995 Pesticide Review List Survey, there were many 
cases where experts had conflicting reports on the effective 
neSS of alternative pest management tactics, and it was not 
clear in many cases whether these reports were based on 
Sound Scientific data or not. There are two aspects that Stand 
out for improvement here: first, better data, Such as yield and 
quality data, need to be collected, and Second, data need to 
be brought to bear (linked) to the arguments of effectiveness 
that are being put forth. 

Still another aspect that causes additional complexity is 
that a claim put forth at one point in time is Subject to 
rebuttal at Some point in the future, Such as when the 
effectiveness of an alternative changes, or when an expert 
attempts to replicate a field Study in which effectiveness data 
are collected, but the results are contradictory. 

In this example the gaps between these policy decision 
makers and experts may cause the policy decision makers to 
make decisions without considering all relevant arguments: 
when the experts do not clearly and concisely convey the 
important information, and make their arguments explicit, 
then the policy decision makers are not able to understand 
them. This problem was evident when policy decision 
makers were considering which crop/pest problems should 
be included in the 1995 Pest Management Alternatives for 
Farmer RFP. They depended on the experts for the sound 
Scientific evidence to build an arguments for or against 
including a particular crop/pest problem in the RFP by doing 
Science assessment involving respective experts. The policy 
decision makerS Surveyed the experts for information and 
received responses back, but the grounds for the arguments 
and how the arguments were warranted were not docu 
mented: (1) the experts were not tapped effectively, (2) the 
policy decision makers did not understand (inscrutability), 
(3) consequently they did not properly consider all the 
relevant information that was known about the alternative 
pest management alternatives, and (4) it would have taken 
too long to do a comprehensive peer review-even though 
they used the system of experts within the Land Grant 
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6 
University system that USDA had constructed for this very 
purpose. To bridge this gap, these decision makers should 
have arguments explicitly Stated by the experts that are easy 
to understand and fully consider in the policy decision 
making process. 
To recap, the magnitude of pest damage from policy 

decision making makes the Stakes high, either to agricultural 
production or to human health and environment. In the 
absence of an effective means of tapping the experts, and 
understanding and considering the arguments, the decisions 
may just be politically driven, without basis in Sound objec 
tive Science. There are many examples like the ones above 
where information exists, but failure to use it leads to poor 
policies. Policy decision makers typically want Sound Sci 
entific evidence to bear on policy decision, but are frustrated 
by this gap between them and the experts. 

In general, prior art efforts to use Scientific assessments to 
make Sound policy decisions have failed when the Scope of 
the assessment encompasses a large number of Sources. 
Prior efforts have not been effective at capturing the argu 
ments being put forth by the experts. They have not captured 
the grounds (data with references) upon which conflicting 
claims of experts are based, and they have not properly lined 
claims to Supporting data. 

Accordingly, it is an object of the present invention to 
provide an improved System and method that can facilitate 
decision-making, particularly when the decision-making uti 
lizes for Support a large number of Sources. It is a further 
object, to provide a method wherein Scientific assessment 
can be effectively utilized in a decision-making process. 

SUMMARY OF THE INVENTION 

To achieve the above and other objectives, the present 
invention provides a System and method for facilitating a 
decision-making process comprising a computer program 
that causes linkage of data representing a plurality of argu 
ment Structure units into a hierarchical argument Structure. 
Each argument Structure unit comprises data corresponding 
to a hypothesis and its corresponding counter-hypothesis, 
data corresponding to grounds that provide a basis for 
inference of the hypothesis or its corresponding counter 
hypothesis, data corresponding to a warrant linking the 
grounds to the hypothesis or its corresponding counter 
hypothesis, and data corresponding to backing that certifies 
the warrant. The hierarchical argument Structure comprises 
a top level argument Structure unit and a plurality of Sub 
ordinate level argument Structure units. Each of the plurality 
of Subordinate argument Structure units comprises at least a 
portion of the grounds of the argument Structure unit to 
which it is Subordinate. Program code located on each of a 
plurality of remote computers accepts input from one of a 
plurality of contributors. Each input comprises data corre 
sponding to an argument Structure unit in the hierarchical 
argument Structure and Supports the hypothesis or its cor 
responding counter-hypothesis. A Second programming code 
is adapted to combine the inputs into a single hierarchical 
argument Structure. A third computer program code is 
responsive to the Second computer program code and is 
adapted to represent a degree of Support for the hypothesis 
and its corresponding counter-hypothesis in the Single hier 
archical argument Structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing one embodiment of 
System for facilitating decision-making. 

FIG. 2 is a block diagram showing an exemplary embodi 
ment of the hierarchical argument Structure in FIG. 1. 
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FIG. 3 is a block diagram showing the components in one 
of the argument structure units shown in FIG. 2. 

FIG. 4 is a flow chart outlining the steps performed in 
using the embodiment of FIG. 1. 

FIG. 5 is another flow chart outlining the steps performed 
in using the embodiment of FIG. 1. 

FIG. 6 is a flow chart showing a portion of another 
embodiment of the decision-facilitating System incorporat 
ing an integrated database. 

FIG. 7 is a flow chart showing a portion of another 
embodiment of the decision-facilitating System incorporat 
ing a data dictionary for use with multiple foreign databases. 

FIG. 8 is a flow chart showing a portion of another 
embodiment of the decision-facilitating System incorporat 
ing an automatic claim generator feature. 

FIG. 9 is a diagram showing additional features of the 
automatic claim generator of FIG. 8. 

FIG. 10 is a flow chart showing a portion of another 
embodiment of the decision-facilitating System incorporat 
ing an automatic peer review feature. 

FIG. 11 is a flow chart showing a portion of another 
embodiment of the decision-facilitating System incorporat 
ing a fulcrum analysis of claims feature. 

FIGS. 12A-12OO are screen displays showing use and 
operation of the Software program, contributor programming 
code, and additional programming 

FIGS. 13–39 are diagrams of argument structure units 
developed in an exemplary embodiment of the System of 
FIG. 1. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

I. Overview 

Referring to FIG. 1, a present embodiment of the 
decision-making facilitating System 10 includes a Software 
program 14 running on a computer 16. The Software pro 
gram 14 includes a first programming code means 20 
adapted to define a hierarchical argument Structure 24. AS 
represented in FIG. 2, the hierarchical argument Structure 24 
is comprised of a plurality of argument structure units 28, 
28, 28, 28, . . . 28. As illustrated in FIG. 3, in general, 
each of the argument Structure units 28 has a similar internal 
format. Each argument Structure unit includes data 32 that 
represents a “claim' or “hypothesis' and its corresponding 
“counter-claim” or “null hypothesis.” In addition, each 
argument Structure unit 28 includes data 36 that represents 
“grounds” that provide support for the “claim” (or 
“hypothesis”) or its corresponding “counter-claim” (or 
“counter-hypothesis” or “null hypothesis.”). In a present 
embodiment, each of the argument Structure units 28 also 
includes data 40 that represents a “warrant', data 44 that 
represents “backing, and data 48 that represents a “modal 
ity” of the argument structure unit 28. Optionally, the 
argument structure unit 28 may also include data 49 that 
represents a "rebuttal.” The meanings of these terms are 
explained below. The data in the argument structure unit 28 
are arranged So that the modality links the hypothesis to the 
grounds and the warrant provides backing for the modality. 
The rebuttal also bears on the modality. 

Referring again to FIG. 2, one of the argument Structure 
units 28, i.e. unit 28, is the top-level argument structure unit 
in the hierarchical argument Structure 24 and the remaining 
argument Structure units 28, 28, 28, . . . 28, are Subor 
dinate argument Structure units in the hierarchical argument 
Structure 24. The Subordinate argument Structure units 28, 
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8 
28, 28, . . . 28, may be directly subordinate to the top level 
argument structure unit 28, or may be directly Subordinate 
to other Subordinate argument Structure units. 

In the hierarchical argument Structure 24, each Subordi 
nate argument Structure unit forms all or part of the grounds 
(e.g., “grounds 36” or “G”) for the argument structure unit 
to which it is Subordinate. Therefore, the hierarchical argu 
ment Structure 24 is comprised of a plurality of levels 52, 
52, . . . 52, in which one or more Subordinate argument 
units in a level comprise the grounds of an argument 
structure unit in the level directly above. The hierarchical 
argument Structure 24 may have many levels. 
At any level of argument Structures units, the grounds of 

an argument Structure unit may be comprised of Subordinate 
argument structure units (i.e. at a level below), or may be 
comprised of data, or a combination thereof, as explained 
below. At the lowest levels of argument Structures units, the 
grounds may be comprised of data. 

In a present embodiment, each of the argument Structure 
units may be considered to be a node in a hierarchy or 
network. Each of the nodes has a similar internal Structure. 
Each of the nodes, except for a top level node, is Subordinate 
to at least one of the other nodes. 

Referring again to FIG. 1, in the present embodiment, a 
user-decision-maker operates the Software program 14 to 
include data in the hierarchical argument Structure 24. 
Specifically, the user-decision-maker includes data for the 
top level argument Structure unit 28 to define the hypothesis 
to be decided. The Software program 14 includes a data entry 
programming code means 54 that provides for entry of these 
data by the user-decision-maker. The hypothesis to be 
decided is entered as data corresponding to the “argument” 
portion 32 into the top level argument structure unit 28. In 
addition, the user-decision-maker may optionally include 
data in Subordinate argument Structure units 28 in one or 
more Sub-levels Subordinate to the top level argument Struc 
ture unit. In this initial Stage, the hypothesis is framed and 
meaningful underlying hypothesis are developed. These 
steps are also shown in the flow chart of FIG. 4 at steps 100 
and 102, and in the flow chart of FIG. 5 at steps 200 and 202. 

Referring again to FIG. 1, the Software program 14 also 
includes a programming code means 60 adapted to distribute 
both the original hierarchical argument structure (i.e., “hier 
archical argument structure 24,”) and a means to make 
contributions thereto (e.g. “contributor programming code 
means 70') to a plurality of user-contributors 62. In one 
embodiment, the contributors are Selected as being experts 
in their respective fields. In a typical embodiment, the 
user-contributors are located in various locations remote 
from the user-decision-maker and from each other. 
Accordingly, the System 10 may include appropriate hard 
ware and/or software means 66 to distribute the original 
hierarchical argument Structure 24 and the contributor pro 
gramming code means 70 to the plurality of user 
contributorS 62 at remote locations. In one embodiment, the 
System 10 posts the original hierarchical argument Structure 
24 and the contributor programming code means 70 on a 
server connected to the Internet 71 so that the user 
contributorS 62 can download the hierarchical argument 
Structure 24 and the contributor programming code means 
70, by FTP, in an HTML page, and so on. In an alternative 
embodiment, the user-decision-maker may distribute the 
hierarchical argument Structure 24 and the contributor pro 
gramming code means 70 to the plurality of user 
contributors as attachments to e-mail. In Still further alter 
native embodiments, the user-decision-maker may distribute 
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the hierarchical argument Structure 24 and the contributor 
programming code means 70 by Storing them on disks or 
other media and Sending the media to the plurality of 
user-contributors. Any other Suitable means of data distri 
bution may be used, including local or wide area networks, 
and so on. This distributing process is shown at step 104 in 
FIG. 4. 

In a present embodiment, as part of the System 10, each 
user-contributor runs the contributor programming code 
means 70 on a local WorkStation, e.g., one of the WorkSta 
tions 74. . . 74. The contributor programming code 
means 70 provides for the hierarchical argument structure 24 
to be displayed to the user-contributor on the user 
contributor's local workstation 74. The contributor program 
ming code means 70 also allows the user-contributor to add 
additional argument Structure units 28 to the hierarchical 
argument Structure 24. Accordingly, the contributor pro 
gramming code means 70 may be Similar or identical to the 
data entry programming code means 54 used by the user 
decision-maker, except that the contributor programming 
means 70 does not allow modification or deletion of any of 
the argument Structure units already included in the hierar 
chical argument Structure 24. This process followed by the 
user-contributor is shown at step 106 in FIG. 4 and at step 
204 in FIG. 5. 
AS mentioned above in connection with FIG. 3, each 

argument Structure unit 28 has a Specific, uniform internal 
Structure. In order for the user-contributor to use the con 
tributor programming means 70 to add additional argument 
Structure units to the hierarchical argument Structure 24, the 
user-contributor is required to provide his or her input in the 
Specific format, i.e. data corresponding to a “hypothesis 32, 
a “warrant 40”, “backing 44", a “modality 48”, “grounds 
36', and optionally a “rebuttal 49.” In this manner, the 
contributor programming means 70 both imposes a structure 
in which the user-contributors input can be evaluated and 
provides for a comparison of one user-contributors input to 
that of another. In a present embodiment, the contributor 
programming means 70 may provide a menu option that 
prompts the user-contributor for inputs for each of these 
items and may limit the types of information that the 
user-contributor may enter. For example, for the modality 48 
input data, the contributor programming means 70 may 
provide a pop-up menu that limits the user-contributor to the 
following selections: “certainty”, “probably correct”, “pre 
Sumably correct”, and “low probability of correctness.” 

The system 10 also includes a means to forward the inputs 
79 from the user-contributors. In one embodiment, each of 
the user-contributor's input data 79 may be sent directly over 
the Internet from the user-contributor's local workstation 74 
after they have been entered by the user-contributor. For this 
purpose, the contributor programming means 70 may 
include additional programming 78 that uploads the user 
contributor's input data 79 to a designated server address. 

The System 10 further includes programming means that 
accepts the inputs 79 from each of the plurality of user 
contributors. In one embodiment, this function is performed 
by a contributor input acceptance programming means 80 
that is part of the Software program 14 running on the first 
computer 16. The contributor input acceptance program 
ming means 80 is responsive to the programming means 78 
on each of the user-contributors’ WorkStations that uploads 
each of the user-contributor’s data 79. The software program 
14 also includes programming means 82 that updates the 
original hierarchical argument Structure 24 by augmenting it 
with the additional argument Structure units 28-28, pro 
vided in the inputs 79 from the plurality of user-contributors 
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10 
62. This updated hierarchical argument structure 28, is 
then redistributed or otherwise made available to all the 
plurality of user-contributors. This may be done using the 
same means (e.g., distributing programming code 60) used 
to distribute the original hierarchical argument Structure 24. 
Each of the user-contributors is thereby permitted to view 
the contributions of each of the other user-contributors, e.g. 
using the contributor programming means 70. Each of the 
plurality of user-contributors is permitted to again provide 
input contributions to the now updated hierarchical argu 
ment Structure 2updated by adding additional argument 
Structure units. This may be done using the contributor 
programming means 70, as before. In this manner, each 
user-contributor may provide additional data that refutes a 
hypothesis or claim provided by another of the user 
contributors. AS before, none of the user-contributors is 
permitted to modify or delete any of the argument Structure 
units already included by others in the hierarchical argument 
Structure. When the hierarchical argument Structure is 
viewed, in each node (unit) there is information that permits 
the user to determine information about the node, including 
an abbreviated description of the hypothesis or sub 
hypothesis, the Status (i.e. the Step of processing), and the 
estimated degree of Support for the hypothesis and the 
estimated degree of Support for the counter-hypothesis. If 
there is information Supporting a hypothesis (or Sub 
hypothesis), this is denoted by representation in a different 
color (for example, yellow). By clicking on the node, the 
information is displayed. If no information exists, clicking 
on a node brings up a Screen that permits entry of informa 
tion to Support the claim. 

This process of allowing user-contributors to add addi 
tional argument Structures to bolster claims or hypotheses or 
to refute claims or hypotheses of others continues recur 
sively until all user-contributor input is exhausted. This 
process is shown at step 108 in FIG. 4 and at step 210 in FIG. 
5 

Although the process described above appears to have the 
user-contributors all make their input at the same time, in 
practice, the proceSS may occur more gradually, and in a 
more distributed fashion, especially if the System is installed 
on the Internet. For example, if the original hierarchical 
argument Structure is posted on a Server on the Internet, a 
first user-contributor may make his or her input contribu 
tions to the hierarchical argument Structure and the addi 
tional argument Structure units may be added to the hierar 
chical argument Structure immediately. Then, when the 
Second and Subsequent user-contributors access the hierar 
chical argument Structure, it has already been augmented 
with the additional argument Structure units provided by the 
first user-contributor. Making the hierarchical argument 
Structure available in this manner is advantageous because it 
may reduce the iterations of updating. 
Once all the user-contributors’ inputs have been acquired, 

the hierarchical argument Structure may be used by the 
user-decision-maker for decision-making. The completed 
hierarchical argument Structure includes all the data repre 
Senting the Science assessment. In addition, the data are 
organized in a manner in which they can be weighed. For 
this purpose, a weighing and Visualization programming 
code 88 displays the Support for and against each hypothesis 
at each node in the hierarchy. Further, the backing, weight, 
and modality for each hypothesis and Sub-hypothesis are 
plainly accessible. This weighing Step is shown at 110 in 
FIG. 4 and at step 212 in FIG. 5. At this point, the entire 
hierarchical argument Structure may be Subjected to peer or 
contributor review again. This is represented by Step 214 in 
FIG. 5. 
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Once a decision is made by the user-decision-maker using 
the completed hierarchical argument Structure, the data in 
the structure 24 can be archived, (as shown at 90 in FIG. 1 
and step 112 in FIG. 4 and step 220 in FIG. 5). In this 
manner, the user-decision-maker can show Support for his or 
her decision. In addition, by having the hierarchical argu 
ment Structure archived, it is possible to determine at a time 
in the future whether a decision should be revisited by noting 
if and how the underlying grounds warranting any of the 
claims have changed. 

In one embodiment, the Software program 14, including 
the first programming means 20 and the contributor pro 
gramming means 70, are provided using MicroSoft AcceSS 
and Access Basic and the hierarchical argument Structure 24 
is provided as a database in MicroSoft Access. In one 
embodiment, the first computer 16 and the user-contributor 
local workstations 74 are IBM PC's having an Intel 80386 
or higher microprocessor and running DOS and Microsoft 
Windows 3.1 or higher. The first programming means 20 is 
stored on a hard drive of the computer 16 and loaded into 
RAM for execution. Similarly, the contributor programming 
means 70 are stored on hard drives of the computers used for 
the user-contributor workstations 74 and loaded into RAM's 
on the user-contributor WorkStation computerS 74 for execu 
tion. In alternative embodiments, the first programming 
means 20 and the contributor programming means 70 may 
be provided using any Suitable Software development tool or 
computer language, including C++ or JAVA. In alternative 
embodiments, the contributor programming means 70 may 
be provided as an executable program downloadable in an 
HTML page over the Internet (e.g. a JAVA applet). In 
alternative embodiments, any other type of computer or 
operating System may be used for the computer 16 and the 
user-contributor local workstations 74. 

FIGS. 12A-12OO 
II. Internal Format of Argument Structure Unit 
In a present embodiment, the argument Structure units use 

a format referred to as “Toulmin Base Logic” (“TBL). TBL 
is a graphic representation that illustrates a claim and the 
basis from which the claim is inferred. It is referred to here 
as an argument Structure unit or a Toulmin Structure Since the 
primary focus is on the Structure for representing arguments 
in Science assessment. 
An argument Structure and its component parts are 

defined as follows. (For purposes of this disclosure, the 
following definitions are used, but it is understood that 
Similar or equivalent terminology may be used to express 
Similar concepts.) 
A claim is an assertion of a truth. 

Grounds provide the basis for the inference to that claim. 
In general, grounds can be categorized by the means in 
which are warranted. 

A warrant Serves as assurance for a claim, and is certified 
by backing. In general, for the purposes here, claims in 
Science assessment are generally licensed liscenced 
(warranted) by: 
empirical observations, 
expert judgments, 
enumerative induction (statistics); 
experiments (hypothesis test); and 
direct fact. 

A backing certifies the warrant; and it is considered the 
reason its validity and can come from a variety of 
means Such as enumerative observation. 

A modality is a Subjective Statement concerning the 
probability of the claim being true, given the grounds. 
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12 
A rebuttal is a Statement that weakens the modality of the 

claim based on evidence that the claim may not be true. 
It is a contradiction to the evidence used to warrant the 
claim, or conditions underwhich the claim will not hold 
true. A counter-claim is a form of rebuttal. 

The grounds and backing of a claim can be any relevant 
quantitative information from experimental or empirical test 
results, Statistical hypothesis testing, or results from mod 
eling and Simulation. The grounds and backing can also be 
any relevant qualitative information from direct facts, Such 
as laws and regulations, observations and the expert's pro 
fessional or personal opinions. 
When an assumption or concession is made for the Sake 

of argument, this claim is called an hypothesis (H). To accept 
a hypothesis it is required to establish that the degree of 
support (S) for the hypothesis (H) is greater than that for the 
counter claim or null hypothesis (H). If the support (S) for 
the counterhypothesis (H) is greater, the hypothesis is 
rejected. 
An expert is considered to be Someone regarded by their 

peers to be an expert because of their high degree of 
knowledge in a particular field relevant to the claim, Such as 
chemistry, biology, entomology, high performance 
computing, or microelectronics. It is important to make a 
distinction between policy decisions, which are Strategic, 
and tactical decisions which are more operational in nature 
and are used to implement a policy decision. 
A natural language equivalent to a Toulmin argument 

exists Since Structure can be imposed using words rather 
than graphically with boxes and lines as in the Toulmin logic 
structure, but with due regard to Toulmin one should still 
describe the Structure in words which requires reflecting on 
the conceptual and philosophical foundation laid out by 
Toulmin. Furthermore, there are Several advantages to a 
graphical or Structured depiction. First, Visualization eases 
comprehension. The components of the argument are explic 
itly represented, meaning that it is easier to identify the 
particular elements of an argument, and these elements of 
the Structure provide place holders for the elements, thereby 
facilitating elicitation of these elements. It is easy for the 
person filling in the boxes to see what is missing as well as 
the reasoning that has been put forth. In this regard it is 
easier to compare arguments between multiple experts, and 
between claim (H) and counterclaims (Hc) than between 
Statements in generally unstructured discourse. 
The Same Structuring can be applied to Science assess 

ment. Although an argument Structure incorporating aspects 
of the teaching of Toulmin was Selected for a present 
embodiment, it is understood that in alternative 
embodiments, the argument Structure unit may have differ 
ent formats or Structures. In alternative embodiments, the 
argument Structure unit may take the form of influence 
diagrams, Bayesian networks (which are oriented toward 
quantitative analysis); Structured modeling, conceptual 
modeling, or a “Wigmore structured evidence” model 
(which is based on an elaborate set of Symbols). In a present 
embodiment, the Toulmin argument Structure is Selected 
because it is relatively is easy to use and understand and is 
widely applicable. Science assessment is part of policy 
decision making and the Toulmin Structure maybe more 
Suitable that other approaches for policy related use. 

Furthermore, the argument Structure unit is easy for policy 
maker to understand and use in assessing Science and 
technology assessment questions. One particular need in 
Science assessment that is especially critical is the need to 
conduct the assessment on Scientifically derived data. It is 
the warrant that links the data to claim being put forth. When 
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data exists that Supports a claim, then the Toulmin argument 
Structure documents that linkage. Data need to be presented 
in way that describes the link to the claims being put forth 
and Toulmin structures provide that link. 

There are other characteristics beyond those mentioned 
above that make the Toulmin Structure a Superior candidate 
for bridging the gaps between policy decision makers and 
Experts/Scientist contributors. First, it is informal and very 
general, and this is important because Toulmin Structure 
must provide for Statement of everything that needs to be 
Stated, to be usefull in Science assessment. The informality 
and generality makes it easy to State claims. Second, it can 
represent factual and value Statements within Single struc 
tured argument, and this is a necessity for arguments that 
involve both Science assessment and political concerns. 
Value judgments are an integral part of any Science assess 
ment. Almost never is Science assessed for answering policy 
questions without reference to Some Set of values. Third, 
Toulmin's approach requires development of warrant 
establishing arguments as an integral part of the model. 
Explicit statement of the warrant allows policy makers to 
understand how the expert arrived at his or her claim. 
Fourth, Toulmin's approach requires the development of 
field-dependent criteria of analysis which makes it easier to 
discern credible from incredible, and good arguments from 
bad. 

In Science assessment, it is important to consider (1) 
whether the claim has met the Standards for warranting a 
claim in the respective discipline in which the claim is made, 
and (2) issues Such as whether the claim is Scientifically 
Sound, cogent, and conclusive. Arguments can be catego 
rized Several ways 

analytic/Substantive 
valid/not valid 
conclusive/tentative 
deductive/inductive 
warrant-using/warrant-establishing 
AS mentioned above, the argument Structure units can be 

graphically linked from the claim box 32 of one unit into the 
Grounds box 36 of another. 

III. Alternative Embodiments and Extensions 
A. Integrated Database 
Referring to FIG. 6, there is shown a flow diagram 

according to a further embodiment of the present invention. 
AS mentioned above, in many policy and/or decision 
making processes, the policy or decision maker attempts to 
make his or her decision based upon valid Scientific assess 
ments. In the embodiment shown in FIG. 1, a system is 
disclosed that provides for the generation of a hierarchical 
argument Structure to which a plurality of expert/Scientist 
contributors can provide input in a structured format So that 
a decision-maker can readily view how Scientific assessment 
supports or rebuts a hypothesis. With the system shown in 
FIG. 1, a decision-maker can make use of what may appear 
to be conflicting expert positions because the hierarchical 
structure provides for the contributions of experts to be 
Structured and Supported by underlying grounds. 

In many Situations, it is envisioned that the hierarchical 
argument Structures developed for decision-making based 
on Scientific assessments will have Scientific data at their 
lowest levels. This is because, ultimately, the positions (i.e., 
“claims” and/or “hypotheses”) taken by the expert/scientist 
contributors will be based upon scientifically verifiable facts 
(data). Although expert/scientist contributors may disagree 
about how certain facts (or collections of facts) should be 
interpreted (i.e. in conflicting claims and/or hypotheses), 
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there should be a body of scientific data at the lowest levels 
of the hierarchical argument Structure. In the flow diagram 
of FIG. 2, this body of Scientific data occupies positions as 
the “grounds” (“G”) at the lowest level 52 in the hierar 
chical argument Structure 24. 
AS mentioned above, it is an advantage of the decision 

making System disclosed herein that large quantities of 
Scientific data can be effectively utilized in the decision 
making process. For Some of the types of decisions pro 
ceSSes mentioned above, Such as global warming, acid rain, 
pest/pesticide control, and So on, vast amounts of data have 
been accumulated by various organizations. In the past, 
much of these data have been difficult to use in decision 
making processes because they have been Stored in different 
databases, at different locations, with different formats, and 
So on. Information in various databases can be used in a 
decision-making process using the embodiment of the 
invention shown in FIG. 6. 

In FIG. 6, there is illustrated the lowest level 54n of a 
hierarchical argument Structure. The remainder of the hier 
archical argument Structure may be similar to the embodi 
ment shown in FIG. 2. In the embodiment of FIG. 5, the 
hierarchical argument Structure has been extended by the 
addition of an integrated database I-DB1. The integrated 
database I-DB is used as the grounds “G” of the argument 
Structure unit 287. AS shown, the integrated database I-DB 
is formed from a plurality of other databases, i.e. foreign 
database, F-DB1, DB, and foreign DB. Similarly, for the 
grounds “G” of the argument Structure 28s is an integrated 
database I-DB. The second integrated database I-DB is 
formed of the foreign databases F-DB and F-DB. Note that 
the Separate integrated databases may include Some of the 
same data from the same foreign database F-DB. In this 
way an expert/Scientist contributor who wishes to make a 
claim, e.g. II, in argument structure unit 287, may utilize as 
the grounds for his or her claim Scientific, data located in 
more than one location (e.g. database). This is useful in 
showing how a single claim may be Supported by a wealth 
of material which may be located in various database. On the 
other hand, by integrating the data from a plurality of foreign 
databases, it may show that although a claim is Supported by 
data in various databases, the data may be duplicative. 

B. Terminology Conversion Dictionary 
In the previous embodiment, the extension of the hierar 

chical argument Structure to include integrated databases 
enhances the ability of the hierarchical argument System to 
incorporate relevant Scientific assessment information 
thereby facilitating the decision-making process. In a further 
embodiment, use of integrated databases is facilitated by a 
data dictionary model program 120 shown in FIG. 7. 
AS mentioned above, although there may be many data 

bases that include Scientific data that can be brought to bear 
on a decision by providing grounds upon which a hypothesis 
can be warranted, these databases may include Such infor 
mation in different formats and even different languages. In 
order to utilize these different databases, it may be desirable 
to form an integrated database, as described above. 
The data dictionary program 120 works with the con 

tributor programming means 70. The data dictionary model 
program 120 Serves as a tool that can be used by the 
user-contributor to incorporate various foreign databases 
automatically. The data dictionary program 120 uses a 
plurality of translation tables 122. The tables 122 include 
keywords 124 from all the foreign databases. Common 
keywords are identified as well as Synonyms. A set of 
common keywords and Synonyms is formed as well as 
references from one terminology to another. The user 
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contributor is able to use the data dictionary 120 to form a 
query. The query formed by the user-contributor is then 
translated, if necessary, into the terminology and format 
each of the different foreign databases F-DB. The data 
dictionary program 120 then sends the queries to each of the 
foreign databases in the native format of the foreign data 
base. Each of the foreign databases then returns appropriate 
data. Using these data returned from the foreign databases, 
the integrated database I-DB is then formed. The translation 
tables 122 and data dictionary are also used when the data 
are imported from the foreign databases Since the data may 
require translation from the format, Structure, and language 
of the foreign database into a “generic' format (or data 
model) of the integrated database. The integrated database 
I-DB is then used by the user-contributor to provide grounds 
for a hypothesis in the argument unit 28, to be added to the 
hierarchical argument Structure 24. 

In forming the data dictionary program and translation 
tables, the foreign databases may be polled in advance to 
obtain their data elements, Specifications, and So on. This 
may also typically involve creating appropriate indices and 
making adjustments of various parameters from one data 
base format to another. Once the structures of each of the 
foreign databases is obtained, they may be queried to obtain 
the keywords, Vocabulary, and other information that are 
used to develop the translation tables. 

C. Automatic Claim Generator 
Another embodiment of the hierarchical argument Struc 

ture program provides for a feature that enables a user 
contributor to automatically generate claims. AS mentioned 
above, use of Scientific databaseS provides the grounds for 
claims or hypotheses made by user-contributors. In the 
embodiment in FIG. 8, a claim generator program 130 works 
in conjunction with the contributor program means 70. The 
user-contributor operates the claim generator program 130 
to query a database. The database may be a Single database 
or may be an integrated database, as described above. The 
user-contributor may have a hypothesis that he or She wants 
to add to the hierarchical argument Structure. The user 
contributor may know (or may suspect but not be Sure) that 
the database includes data that provides grounds that Support 
the hypothesis. However, the user-contributor may not be 
aware specifically of all the data in the database the Supports 
the hypothesis. The automatic claim generator program 130 
accepts an input query from the user-contributor. The query 
is in a form of a Search of the database for all data meeting 
certain criteria. The result of the query is all data that 
provides Support for the hypothesis. If the claim generator 
program 130 finds data in the database that matches the 
query, the claim is automatically generated and an argument 
Structure unit 28s, including the claim Supported by the data, 
is added to the hierarchical argument Structure. In this 
manner, a user-contributor may be able to access data and 
use the data in Support (or against) a claim even if the 
user-contributor is not aware specifically of the data. The 
flowchart of FIG. 9 shows additional aspects of the auto 
matic claim generation program 130 

D. Facilitated Scientific Argument 
In another embodiment of the System, the Software pro 

gram 14 includes a further feature that automatically sends 
new or modified claims to any contributor having a con 
tributor profile that meets certain configurable conditions. 
AS mentioned above in connection the embodiment of FIGS. 
1-3, each of the contributors may review the claims made by 
any of the other contributors and may also make additional 
claims, counterclaims, and So on. In this further embodiment 
of the System, this review aspect is enhanced. For example, 
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in Some Scientific assessments, the Size of the hierarchical 
argument Structure may be So large that it would become 
difficult and time-consuming for each of the contributors to 
review all the contributions made by all the other contribu 
tors. In the embodiment of the system shown in FIG. 10, 
there is provided an automatic review generation program 
140. This program 140 may operate as part of the software 
program 14. The review generation program 140 operates in 
response to the update hierarchy code program 88. After the 
hierarchical argument Structure is updated and/or augmented 
by the addition of new claims (i.e., argument structure units 
28) by contributors, the newly added claims are reviewed by 
the review generation program 140. The review generation 
program 140 compares the newly added claims to a con 
tributor profile 142. The contributor profile 142 contains 
Some or all of the contributors who were originally invited 
to participate as contributors. The contributor profile 142 
may have a listing of contributors with their respective 
Specialties of expertise, interests, background and So on. In 
the review generation program 140, whenever a new claim 
is to be added to the hierarchical argument Structure, the 
Subject matter to which the claim referS is compared to the 
profiles 142 to ascertain all the contributors whose areas of 
interest match the Subject matter of the new claim. Then, the 
review program 140 sends the new claim and/or the entire 
updated hierarchical argument Structure 144 to all the con 
tributors whose areas of interest match the new claim. This 
may be done by e-mail over the Internet or any other suitable 
means. These contributors are then Specifically requested to 
review the new claim and make any rebuttals, provide 
additional Support, and So on. The review program 140 
facilitates review by reducing the need for each of the 
contributors to examine all the contributions made by all the 
other contributors, including all iterations. 
The contributor profile 142 may be developed by the 

user-decision-maker at the Start of the contribution proceSS 
based upon the credentials of the contributors. Alternatively, 
the contributor profile 142 may be developed automatically 
by each of the contributors when they make their initial 
contributions by completing a electronic form attached to 
the original copy of the hierarchical argument Structure that 
is sent to the contributors. When each contributor returns the 
electronic form with their contributions, the electronic form 
used to develop the contributor profile 142. Alternatively, 
the contributor profile may be developed automatically 
based upon the type of contribution submitted by each 
contributor. For example, if any contributor's contribution is 
further augmented (by rebuttal or further contribution by 
another contributor), the first contributor is automatically 
notified. 

E. Fulcrum Analysis of Claims 
In a further embodiment, the System includes a feature 

that allows for weighting and View of the hierarchical 
argument Structure. A fulcrum analyzer program 192 is 
responsive to the show support code 88. The fulcrum 
analyzer program 192 permits certain views of the hierar 
chical Structure to be provided to the user-decision-maker. 
The fulcrum analysis program allows certain grounds to be 
emphasized and others filtered. For example, the fulcrum 
analyzer program 192 allows for filtering of the hierarchical 
Structure to eliminate all claims of probability of less than a 
certain definable percentage. Also, the fulcrum analyzer 
program 192 allows for providing “what if scenarios to see 
how decisions are influenced by changes or filtering of 
different factors and parameters. 

IV. Example 
An embodiment of the system described above was 

demonstrated in the following example. Realizing that 
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Sound Science assessment is critical, USDA/EPA Selected an 
embodiment of the system 10 for a test case. The embodi 
ment of the system 10 was used to demonstrate its usefulness 
for organizing information used by participants (policy 
decision makers and Experts/Scientists) in public policy 
debate based on Science assessment. The embodiment was 
demonstrated to bridge the gaps between experts and policy 
decision makers in a Science assessment. Table I lists the 
Sub-hypotheses that were tested to Support or refute this 
primary hypothesis. 
A Single test case was Selected independently by USDA 

from a high priority EPA/USDA pest management policy 
program. It is one instance of a policy decision situation that 
requires Science assessment. Subjects were independently 
Selected from the actual policy decision makers and experts 
in EPA, USDA, and the Land Grant University system. 

The Specific test case was independently Selected-that of 
deciding which pest management research area should be 
included in a Request for Proposal (RFP) to find alternatives 
pest controls on crops that are impacted by pesticide regu 
lations. The Specific purpose of this Science assessment is to 
Support research funding allocation decisions, based on 
Scientific evidence collected and brought to bear on these 
decisions. The test case is an annual Science assessment 
performed for the Pest Management Alternatives for Farm 
ers Competitive Grants RFP. As described above, policy 
decision makers in this case have been experiencing a gap 
between themselves and the Experts/Scientists. Even though 
they know the information exists, it has been too time 
consuming to effectively tap the experts to get the informa 
tion in a form that links the expert's claims to the Sound 
Scientific basis from which the claims were inferred. 
Because of these information gaps and lack of Structure in 
bringing the Science to bear on the policy decisions, the 
policy makers have not been properly considering all the 
available evidence in deciding which crop/pest areas to 
include in the RFP. As described above EPA has found that 
this process is largely driven by unsubstantiated expert 
opinion, even where Sound objective Science exists. AS a 
result the policy decision makers usually have to use that 
opinion without a clear understanding of what the expert's 
opinion is based on. Without the policy makers clearly 
understanding and considering Sound objective Science, he 
or she is Vulnerable to the biases of those making the claims. 

This test case had considerable importance because an 
omission of crop/pest problem from the RFP can lead to 
ineffective pest control, and huge financial losses to the 
growers, or the continued use of a potentially harmful 
pesticide, possibly resulting in loSS of life or environmental 
harm. 
To do this test, the argument Structure unit was extended 

in Several minor ways to map it to Science assessment in the 
area of pest management decision making. These minor 
extensions are clearly not to the Toulmin representation, but 
they are key to implementing Toulmin Structure in a way that 
is practical for Science assessments where there are multiple 
ExpertS/Scientists and policy decision makers. AS with most 
large Science assessments at the national level, Science 
assessments in this test problem domain involve dozens or 
hundreds of experts and Several policy decision makers. The 
extensions done here have made Toulmin Structure possible 
to test, whereas without them it would clearly be tedious to 
use Toulmin Structure. The minor extensions included the 
addition of: 

claims and counter-claims, 
a graphical representation for hierarchical Structuring of 
Toulmin Structure claims and counter-claims (see FIG. 
13); 
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18 
incorporation of the Structures into a hyper-linked envi 

ronment; and 
other features that make Toulmin Structure practical for 

multiple experts and policy makers to use Toulmin 
Structure interactively within the test case problem 
domain. 

A prototype System was developed to implement the test 
case in a way that is easy for multiple policy decision makers 
and ExpertS/Scientists located across the country to enter 
claims and to perform the test using the test Software. The 
Software prototype provided a hyper-linked environment 
with other Software features that make Toulmin structures 
practical for multiple experts and policy makers to use 
interactively within the test case problem domain. 
A test prototype of the system 10 was implemented in 

Windows 3.1 on a personal computer. The software can be 
installed on Several computers and the claims and counter 
claims transferred over the Internet, as was done in this test. 

Methodology 

Three steps were performed in the test: 
independent Selection of the test case, 
mapping of the test case to Toulmin Structure, and 
the hypothesis test procedure. 
The test was conducted with actual experts and policy 

makers doing Science assessment, as part of their pest 
management policy (strategy) decision making process. To 
avoid bias USDA selected the test problem and a primary 
test group of Seven test Subjects, all of whom have doctors 
degrees, and are directly associated with actual USDA/EPA 
pest management Science assessment and policy decision 
making. USDA and Argonne National Laboratory selected a 
Secondary test group of three Subjects. The Secondary group 
were from outside pest management policy making. (One 
was an air quality policy decision maker and two were 
information technologists). All Subjects were explicitly 
instructed to be unbiased and objective. 
Mapping of the test case was necessary attempt to capture 

all the aspects of this test Science assessment in Toulmin 
Structure. A methodology was developed for the test that 
centered around the use of Toulmin Structure. The test is an 
attempt to find one instance where Toulminstructure bridges 
gaps in Science assessment as described above. 
The hypothesis test procedure consisted of four additional 

Steps: 
implementation of the test case, 
initial Statement of claims by Experts/Scientists, 
use and evaluation by Scientists and policy decision 

makers, and 
analysis of the results. 
The software prototype (named TBL Test) was imple 

mented for use by each Subject using a personal computer. 
The prototype was developed in using the MS Access 
Database and Basic language; it required a 486 with at least 
4 MB RAM, 10 MB available disk space, and Windows 3.1. 
The TBL Test is the added-value Software implementation of 
Toulmin Structure that included the minor extensions 
described above. TBL Test provided two primary test func 
tions: a means of using Toulmin Structure for this Science 
assessment and a means to collect the answers to 77 ques 
tions from the subjects after they completed the test. The 
Subjects judged the test System on whether it Supported the 
hypothesis and Sub-hypotheses. The results were imported 
directly, from disk files that stored the answers from each 
test Subject, into a database for analysis. 
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Mapping of Test Case to Toulmin Structure 
USDA/EPA policy decision and Experts/Scientists 

framed the Science assessment. The policy decision makers 
need to do Science assessment for the Pest Management 
Alternatives for Farmers Competitive Grants Program. The 
test case involved many pesticides that are under regulatory 
review, i.e., hundreds of crop and pest combinations that 
may loose viable pest management tactics because of the 
regulatory proceSS and hundreds of plausible alternatives. 
The purpose of this Science assessment was to determine 
what crop/pest areas qualified for federal research money, 
and to find alternative pest management tactics. 

FIG. 13 shows an extension of Toulmin structure into a 
hierarchical framework, and has been included here to 
represent Several Toulmin Structures linked together. In this 
general framework each rectangular shaped node represents 
a claim (H), and counter-claim (H). The components of 
Toulmin structure include the following: G for grounds, W 
for warrant, B for backing, M for modality, and R for 
rebuttal. This framework was used to make and relate 
Specific claims in the pre-test Setup and during the test, using 
a field dependent rule established by the decision makers 
and experts that Stated 
"it is generally Sufficient to include a crop/pest research area 
in the list of priority research needs (accept H) if four criteria 
are met: the pest management on the crop/pest area could be 
effected by loss of a pesticide that is under regulatory review 
(H), there is pest problem that is significant enough to 
justify research for an alternative control tactic (H2), there 
are no other viable alternatives that can be used to control 
this pest on this crop (H), and any current research being 
funded to find an alternative pest control for this crop/pest is 
inadequate for finding a viable alternative in the near future 
(H).” 

Furthermore, to properly consider whether there was a 
Significant pest problem (H2), they established another field 
dependent rule that Stated: 
“to conclude that no alternative pest control tactics is viable 
(H) for this crop/pest problem, it must be shown that all 
tactics, including all pesticides that are registered for use on 
this crop/pest, are not viable (H. . . . Hs).” 

The viability of each alternative was based on a number 
of factors. Using a field dependent rules established by the 
decision makers and experts on a case-by-case basis, 
"it is generally Sufficient to accept H if at least one of the 
following Sub-hypotheses can be accepted, as shown in FIG. 
15: (1) the pest management tactic (e.g. pesticide) is illegal 
to use (H,), (2) it is unsafe to humans or the environment 
(H,), (3) it is not effective toward controlling the targeted 
pest (Hala), (4) it is not economical (Hal), (5) it is facing 
genetic resistance in the pests it is Suppose to control 
(His), it is not marketable due to poor taste caused by this 
pest management alternative (H), or this alternative kills 
beneficial insects that control other pests, i.e., a Selectivity 
problem (H7).” 

Warrants were individually established by USDA/EPA 
policy decision makers and expert Scientists for claims of 
“no viable alternative” for each crop/pest that was under 
review, based on one or more accepted Sub-hypotheses from 
the above list. 

Hypothesis H was relatively easy to determine since an 
alternative (X) is either legal or not. However, the absence 
of federal regulations on an alternative pest management 
tactic did not necessarily mean it was legal Since the 
individual States also have regulatory bodies that pass laws 
and regulations governing pesticides. This legality issue had 
to be answered in context of all federal and State regulations. 
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Hypothesis Hs was much more complex because of all 

the possible environmental and human health risks posed by 
toxicants like pesticides. Federal pesticide policy decision 
makers consider regulatory action based on regulatory Stat 
utes put in place by CongreSS. This Science assessment, 
however, was not focused exclusively on the legal Statutes 
regarding pesticide risk Versus Safety. A pesticide is consid 
ered unsafe (H2) based on evidence that it is unsafe to the 
environment (H2), or unsafe to humans (H-22), as was 
defined above. In general pesticides were considered unsafe 
by USDA/EPA policy decision makers in this science assess 
ment if there was Sound Scientific basis for significant 
environmental or human health risk posed by the use of the 
alternative pest control tactic, whether the alternative 
already has a regulatory action against it or not. In other 
words, when a pesticide like EndoSulfan was considered to 
be unsafe, it was not a viable alternative, even if it was legal 
to use it under current laws governing environmental and 
human Safety. 

Although the policy decision makers have generally 
agreed in the past that these factors are relevant and Suffi 
cient to answer this Science assessment question, they have 
not been able to consider all of them in past Science 
assessments, because there has been no practical way for 
them to bridge the gaps with the experts who have this 
knowledge. Instead, the policy decision makers have used 
only partial knowledge about Some of the above factors. For 
example, the policy decision makers have known for Some 
time that resistance is a major consideration, and experts in 
the Land Grant Universities have known what pests are 
currently, or are becoming, resistant to pesticides. This gap 
has lead to research needs having been Set without fully 
considering genetic resistance in these decisions. Again, 
although USDA/EPA policy decision makers have had a 
network of experts in place for many years (in the Land 
Grant Universities), they have not been able to (1) effec 
tively tap them, (2) understand how their knowledge should 
be brought to bear, and (3) in these cases they have often had 
to rely on the opinions of these experts without Sufficient 
knowledge of what the experts were basing their opinions 
O. 

Now consider an actual example involving the regulation 
of a pesticide, Carbofuran, and assessment of whether 
research is needed to find an alternative means of pest 
control of Colorado potato beetles on potatoes. EPA has 
taken regulatory action against Carbofuran, the pesticide 
widely used for controlling outbreaks of Colorado potato 
beetles on potatoes. Policy decision makers needed this 
Science assessment to decide whether to include this Colo 
rado potato beetle on potatoes problem in a request for 
proposal for government funded research to find an alter 
native. FIGS. 16 through 38 show Toulmin structures rep 
resenting arguments with Scientific basis (grounds) and that 
have been brought to bear on this policy decision. Each 
figure shows reference to a hypothesis or Sub-hypothesis, as 
indicated by the large H with Subscript. The grounds, 
warrant and modality are Summarized for each, and a 
reference to a Scientific journal or data upon which the 
Summary was based is included as indicated by Square 
brackets (for those claims based on Scientific data or other 
published findings). 
The first, FIG. 16, is the claim that regulatory review is 

being conducted on a pest management tactic used to 
Colorado potato beetles on potatoes, i.e. Carbofuran is under 
review. The data in these figure may be read in the following 
Sequence: grounds to modality to claim to rebuttal to warrant 
to backing. In FIG. 16, this reads (G) “U.S. EPA has put 
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Carbofuran under review EPA, 1989 and Carbofuran is a 
primary control for Colorado potato beetles on potatoes' 
(M) “so, certainly,” (C) “Colorado potato beetles on potatoes 
is effected by this regulatory review” (No R so skip to W) 
"because this is based on facts we can infer this, as certified 
by EPA, the group responsible for placing pesticides on the 
review list EPA, 1989).” This claim is supporting evidence 
that Colorado potato beetles on potatoes qualifies for inclu 
Sion in the RFP. 

FIG. 17 states the claim that “Colorado potato beetles are 
a Significant problem on potatoes.” The grounds for this 
claim rest on two Sub-hypothesis H. and H2, shown in 
FIGS. 18 and 19. 

In some cases there are conflicting claims. FIGS. 20 and 
21 illustrate the claim that no viable alternative exists (H), 
and counter-claim (H) that a viable alternative does exist. 
To Support either claim we need to assess other plausible 
pesticides that can legally be applied to potatoes to control 
Colorado potato beetle to determine if at least one other pest 
control tactic is a viable alternative now and over the next 
few years. FIG. 22 shows the counter-claim that “Endosul 
fan is not a viable alternative” (H). As stated, viability is 
based on the general rule used by policy decision makers 
that EndoSulfan is not viable if it is illegal to use (H) or 
unsafe (H2) or ineffective (His) or uneconomical (H. 
14) or facing resistance (His) or not marketable (H6) or 
causes a selectivity problem (H,). Again, this general rule 
is applied on a case-by-case basis, i.e., whether or not one or 
more of these grounds is sufficient to make the claim (Hal) 
is dependent largely on additional factors the claimant must 
consider, Such as the degree and time-frame of genetic 
resistance (His). It is important to note that each warrant 
is Stated by the claimant based on these grounds he/she is 
bringing to bear on the claim. In the test case the experts and 
policy decision makers generally agreed on the general 
Sufficiency of these grounds based on expert opinion of what 
is Sufficient. 

Toulmin Structure as used here is a way to record Sum 
maries of 

what is brought to bear on a claim (grounds), 
what gives license to make the claim (warrant), and 
how it is certified (backing) by the those stating the claim. 
The Toulmin Structures corresponding to the claims of 

viability of the alternatives in this example are shown in 
FIGS. 23 through 36. Note that a claim may be based on 
grounds provided by more than one expert, which is referred 
to here as a culmination of Subclaims as Seen in FIG. 24, and 
that two or more experts may make the same claim and bring 
different information to bear on that claim, as apparent by 
the additional evidence (grounds) brought to bear in FIG.25. 

The final arguments for the primary Science assessment 
question are shown in FIGS. 37 and 38: research for finding 
an alternative is inadequate (H), and the counter-claim that 
it is adequate (H). 
Now consider the degree of Support for each individual 

hypothesis and sub-hypothesis at the bottom of the hierarchy 
in FIG. 39. The policy decision makers and experts used a 
crude technique for assessment of degree of Support, and 
three simple rules for accepting or rejecting hypotheses 
based on those estimates: if the Support for the hypothesis 
(S) is greater than the degree of Support for the counter 
hypothesis (S) it is accepted; if the Support for the counter 
hypothesis (S) is greater than the degree of Support for the 
hypothesis (S) it is rejected; if the Support for the hypothesis 
(S) is the same as the degree of Support for the counter 
hypothesis (S) it is concluded that more information in 
needed before the hypothesis can be accepted or rejected. 
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FIG. 39 shows the assessment of Support (S) and the status 
of each sub-hypothesis (X) for the hypothesis that Endosul 
fan is not viable (Hs). In this example all hypotheses were 
either rejected or inconclusive except two, i.e. EndoSulfan is 
facing resistance (His) and Endosulfan causes a selectivity 
problem (Hs). By the domain dependent rule (warrant), 
the hypothesis that EndoSulfan is not viable is accepted 
(Hs). The same steps shown here are done for all other 
alternatives and for H., H., H, and H. After all Sub 
hypotheses are considered, the top level His either accepted 
or rejected using the field depend rules (warrants) stated 
above, or left pending if more information is needed before 
a decision can be made. 

Population of Test Software 
Initial claims and counter-claims were collected from 

experts via an electronic pre-test Survey Sent out by USDA 
to 52 specialists in Land Grant Universities in the 50 U.S. 
States and Guam and Puerto Rico. The Specialists were asked 
to confer as necessary with other experts in the various 
academic disciplines for collecting claims, counter-claims 
and rebuttals concerning the decision factors described 
above. Of these, 19 responded with claims and counter 
claims, for 17 types of claims, covering 103 pest manage 
ment tactics, used on 129 crop/pest combinations in 19 States 
and territories, totaling 404 claims. These claims, rebuttals 
and counter-claims were all relative to alternatives to pes 
ticides being reviewed by EPA, as described above. All 
claims, counter-claims and rebuttals were directly entered 
by the Specialist, returned electronically, and included in the 
TBL Test prototype for evaluation of the Toulmin structure 
approach. 
The initial Set of claims and counterclaims collected in the 

pre-test Software, together with the test questions, were 
loaded into the TBL Test Software and distributed to the test 
Subjects. 

The Test 

AS described earlier, the primary group, composed of 
Seven professionals all with doctorS degrees, were actually 
part of the USDA/EPA science assessment team doing this 
Science assessment in real-life. The Secondary group, com 
posed of three professionals working in areas related but 
outside of pest management Science and policy decision 
making. 
The test was conducted as follows. Each test Subject was 

given the TBL Test software and an instruction booklet with 
instructions to read it. The instructions booklet included a 
tutorial that gave a cookbook Style Step-by-step instructions 
on how use each feature of the TBL Test Software, including 
help and explanation features built into the Software. At the 
end of the tutorial the subject was instructed to use the TBL 
Test software until he/she was filly familiar with it. 

In this test any number of claims could be made by 
experts, when the same claim was made by more than one 
expert the details of the claims could be displayed (in the 
prototype Software) either individually or as a composite for 
ease of Seeing the information together. The Subjects were 
encouraged to use the System by making their own claims, 
rebuttals and counter-claims. Furthermore the Subjects were 
told to enter the information in the right places in the 
Structure, but no checks were made for poorly Stated claims 
or incomplete information. The purpose of the test was to 
test the System prototype rather than collect perfect claims. 

IV. Alternative Embodiments 
The System described above for developing and using a 

hierarchical argument Structure for decision-making is appli 
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cable to a wide array of Science assessment and decision 
making situations, Such as the policy debates involving 
Science assessment of the health risks of acid rain, tobacco 
and breast implants, and decisions on drug approval and 
transportation Safety. 
An embodiment of the hierarchical argument Structure a 

may be used in a distributed group decision Support System 
(GDSS). Implementation of a hierarchical argument struc 
ture in GDSS could make it easier for experts and policy 
decision makers to use in conjunction with databases and 
models within a decision Support System, facilitating the 
Statement of claims based on the data and modeling results. 

It is intended that the foregoing detailed description be 
regarded as illustrative rather than limiting and that it is 
understood that the following claims including all equiva 
lents are intended to define the Scope of the invention. 

I claim: 
1. A System for facilitating a decision-making proceSS 

comprising: 
a first computer having the computer readable program 

code means embodied on the first computer readable 
medium comprising: 
a first program code means for linking of a plurality of 

argument Structure units into Single hierarchial argu 
ment Structure, wherein each of Said argument Struc 
ture unit includes data corresponding to a hypothesis 
and its corresponding counter-hypothesis, 

a Second computer program code means for accepting 
inputs from a plurality of contributors and augment 
ing Said inputs into Said Single hierarchial argument 
Structure, wherein each input comprises data corre 
sponding to at least one argument Structure unit and 
that Supports at least one of Said hypothesis and the 
corresponding counter-hypothesis thereof; 

a third computer program means responsive to Said 
Second computer program code means and adapted 
to represent a degree of Support for Said hypothesis 
and Said corresponding counter-hypothesis in Said 
Single hierarchial argument Structure, and 

a fourth computer readable program code means 
responsive to Said third computer readable program 
code means and adapted to Visually display Said 
degree of Support for and against each claim in Said 
Single hierarchy; 

a plurality of contributor input programming means each 
Stored in a computer readable medium located on one 
of a plurality of computers remote from Said first 
computer, wherein each of Said contributor input pro 
gramming means comprises: 
programming means for accepting contributor input 

data from one of the plurality of contributors, 
wherein each input comprises data corresponding to 
at least one argument Structure unit that Supports at 
least one of Said hypothesis and the corresponding 
counter-hypothesis thereof, 

and wherein Said contributor input data are provided to 
Said Second computer program code means for com 
bining into Said Single hierarchial argument Struc 
ture. 

2. The invention of claim 1 wherein said plurality of 
argument Structure units comprises: 

a top level argument Structure unit; and 
a plurality of Subordinate level argument Structure units, 

wherein each one of said plurality of Subordinate level 
argument Structure units comprises at least a portion of 
the grounds of an argument Structure unit to which Said 
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24 
one of Said plurality of Subordinate level argument 
Structure units is Subordinate. 

3. The invention of claim 1 wherein each one of Said 
plurality of argument Structure units comprises: 

data corresponding to a hypothesis and its corresponding 
counter-hypothesis, 

data corresponding to grounds that provide a basis for 
inference of one of the hypothesis and its correspond 
ing counter-hypothesis, 

data corresponding to a warrant linking Said grounds to 
one of Said hypothesis and its corresponding counter 
hypothesis, 

data corresponding to backing that certifies Said warrant; 
and 

data corresponding to grounds that provide a basis for 
inference of one of the hypothesis and its correspond 
ing counter-hypothesis. 

4. The invention of claim 1 wherein said input further 
comprises: 

data indicating a geographical region of applicability of 
Said hypothesis. 

5. The invention of claim 1 wherein said input further 
comprises: 

an indication of efficacy associated with Said hypothesis. 
6. The invention of claim 1 wherein said input further 

comprises: 
a warrant associated with Said hypothesis. 
7. The invention of claim 6 wherein said warrant com 

prises at least one of: 
direct fact, 
experimental test, 
enumerative induction; 
expert judgment; and 
empirical observation. 
8. The invention of claim 1 wherein said input further 

comprises: 
grounds for making an inference that Said hypothesis is 

true. 

9. The invention of claim 8 wherein said input further 
comprises: 

a backing reference for Said grounds. 
10. The invention of claim 9 wherein said input further 

comprises data including a full citation corresponding to 
Said backing reference. 

11. The invention of claim 1 wherein said input further 
comprises: 

data indicating a constraint associated with Said contribu 
tor's input. 

12. The invention of claim 1 wherein said input further 
comprises: 

a probability estimate associated with Said contributor's 
input. 

13. The invention of claim 12 wherein said probability 
estimate includes data corresponding to one of: 

certainty; 
probably correct; 
presumably correct; and 
low probability of correctness. 
14. The invention of claim 1 wherein said input further 

comprises: 
a modality associated with Said contributors input. 
15. The invention of claim 1 wherein said first computer 

readable program code means further comprises: 
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programming means responsive to Said Second computer 
program code means for presenting claims by others to 
each of Said contributors. 

16. The invention of claim 1 wherein said second com 
puter program code means further comprises: 

programming means adapted to receive Said inputs over 
the Internet. 

17. The invention of claim 1 wherein said contributor 
input programming means is downloadable at Said plurality 
of workstations via the Internet. 

18. The invention of claim 17 wherein said contributor 
input programming means is comprised of an executable 
applet embodied in a HTML page. 

19. A method of facilitating a decision-making proceSS 
involving objective Science assessment, comprising the 
Steps of: 

determining a top level hypothesis, 
using a Software program code means embodied on a 

computer readable medium comprising: 
a first program code means for linking of a plurality of 

argument Structure units into Single hierarchial argu 
ment Structure, wherein each of Said argument Struc 
ture unit includes data corresponding to a hypothesis 
and its corresponding counter-hypothesis, 

a Second computer program code means for accepting 
inputs from a plurality of contributors and augment 
ing Said inputs into Said Single hierarchial argument 
Structure, wherein each input comprises data corre 
sponding to at least one argument Structure unit and 
that Supports at least one of Said hypothesis and the 
corresponding counter-hypothesis thereof; 

a third computer program means responsive to Said 
Second computer program code means and adapted 
to represent a degree of Support for Said hypothesis 
and Said corresponding counter-hypothesis in Said 
Single hierarchial argument Structure, and 
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a fourth computer readable program code means 

responsive to Said third computer readable program 
code means and adapted to Visually display Said 
degree of Support for and against each claim in Said 
Single hierarchy; 

entering Said top level hypothesis into a top level node 
established in Said Software program code means, 

determining a plurality of Sub-hypothesis that comprise 
grounds that logically warrant at least one of the top 
level hypothesis and another of the plurality of the 
Sub-hypothesis, 

using Said Software program code means, entering Said 
plurality of Sub-hypothesis into a respective plurality of 
Subordinate nodes linked to Said top level nodes, 

using Said Software program code means, using Scientific 
data that provides grounds Supporting at least one of the 
top level hypothesis, its corresponding counter 
hypothesis and another of the plurality of Sub 
hypothesis, 

using Said Software program code means, represent a 
degree of Support for Said hypothesis and Said corre 
sponding counter-hypothesis based upon a combination 
of Said Scientific data. 

20. The invention of claim 19 wherein said step of 
determining a top level hypothesis further comprises: 

determining Said top level hypothesis and its correspond 
ing counter-hypothesis. 

21. The invention of claim 20 wherein said step of 
determining a plurality of Sub-hypotheses further comprises: 

determining a corresponding null Sub-hypothesis for each 
of Said plurality of Sub hypothesis. 


